I develop a model of rent seeking with informational foundations and an arbitrary number of rent seekers, and I compare the results with Tullock's (1980) classic model where the influence activities are "blackboxed." Given the microfoundations, the welfare consequences of rent seeking can be studied. In particular, I show that competition among rent seekers can be socially beneficial, since the additional information that the decision maker gets access to makes the increase in rent-seeking expenditures worthwhile. However, the analysis also highlights a logic that, under natural parameter assumptions, makes the rent seekers spend more resources on rent seeking than is in society's interest, which is consistent with the spirit of the rent-seeking literature.
Introduction
In a very influential paper, Tullock (1980) introduced a model of rent seeking in which n economic agents try to win an indivisible prize, for example, the profits associated with being granted a monopoly of a market.
1 They do so by investing resources into an (abstract, not explicitly modeled) rent-seeking activity: the more an agent invests, the greater the likelihood that it wins the prize. In particular, Tullock assumed that each agent's probability of winning is
given by an exogenous function, parameterized by a constant R. This constant is a measure of how discriminatory the probability-of-winning function is: in the limit as R approaches infinity, a rent seeker who spends (perhaps just slightly) more than his rivals wins with probability one; similarly, in the limit as R approaches zero, each rent seeker wins with probability 1/n, regardless of the relative magnitude of the investment levels. Tullock also assumed that the rent seekers are identical, that they have a common valuation of the prize, and that they simultaneously choose their investment levels with the objective of maximizing their expected net gain.
In the Nash equilibrium of Tullock's model, the sum of all agents' rentseeking expenditures equals a certain fraction of the value of the prize. As the number of firms goes to infinity, this fraction approaches R. 2 Therefore, when competition among the rent seekers is very stiff, the parameter R tells us what share of the prize (e.g., the monopoly rent) that is dissipated. An important part of the rent-seeking literature has been concerned with the question whether, or to what extent, the rents (of for example a monopoly) will be dissipated by socially wasteful expenditures to capture them; see for example Nitzan (1994) and Mueller (2003, Ch. 15 ).
Tullock's model, being a reduced form, begs the question exactly why the rent seekers are influential. Similarly, it is not clear from Tullock's formulation why the rent-seeking expenditures are wasted from a social welfare point of view -it is just assumed that they are. One particular consequence of this assumption is that, in Tullock's model, competition among rent seekers is always bad, as a larger number of rent seekers leads to more total rent-seeking expenditures.
Very early, Tullock (1975) suggested himself that one can interpret the rent- 1 The idea of rent seeking was first discussed by Tullock (1967) , although the term itself was first introduced by Krueger (1974) . A third early and seminal contribution is Posner (1975) . For surveys of the rent-seeking literature, see Nitzan (1994) and Mueller (2003, Ch. 15) . 2 The existence of a pure-strategy equilibrium requires that R ≤ 1.
seeking expenditures as costs of information gathering, and the reason why the rent seekers are influential could be that they (strategically) provide the decision maker with this policy-relevant information. 3 Tullock's own leading example was a trial. Another example could be the competitive bidding to host the Olympic games. Prior to the vote among the members of the International Olympic Committee, prospective host cities provide the delegates with information concerning their ability to host the games. Presumably, this information does -at least partially -concern issues that are of great importance for the question which city is most likely to deliver a successful Olympics. For example, the information could concern the prospective host city's ability to take care of local transportation and to deal with security issues during the games. 4 Also examples that are closer to the most common ones invoked in the rentseeking literature -like a situation in which a regulator chooses which firm to grant a natural monopoly -may fit the informational story. Prior to the regulator's decision, prospective monopolists offer information to the regulator, which could concern questions such as the efficiency of the prospective monopolist's production process, or to what extent the preferences of the consumers are well served by the features of this particular firm's good or service.
Although the idea of rent seeking as strategic information gathering and transmission is plausible, it is not clear whether such a story is properly captured by Tullock's reduced form. For if the information that is acquired is relevant for the decision which rent seeker ought to (from a social welfare point of view) be granted the prize, then the expenditures are not necessarily wasted. Moreover, we would not in general expect competition among rent seekers to be bad.
In this paper I present a relatively simple model of competitive rent seeking with informational foundations. I explicitly model how n prospective monopoly firms gather (hard, i.e., verifiable) information concerning their efficiency and then strategically choose whether to disclose the information to a regulator. In light of this information, the regulator chooses which firm to grant the monopoly.
This way of thinking about rent seeking may look unreasonably benevolent, and one might be worried that it biases the results in favor of a view that rent seeking is after all not that harmful or wasteful. In spite of this possible bias, however, the analysis highlights a logic that, consistent with the spirit of the rent-seeking literature, tends to make the firms spend more resources on information gathering than is in society's interest.
To see this, note that if society could give the firms instructions as to how much information to gather, the firms would behave as if the prize that entered their objective functions was the difference in social welfare between having an efficient firm and having an inefficient firm -for it is this difference that society can gain by, thanks to the additional information, being able to grant the monopoly to an efficient firm rather than an inefficient one. In contrast, the prize that actually enters the firms' objective functions is the monopoly profits conditional on being efficient, the reason being that this is the profit they can earn by successfully gathering information showing that they are efficient. Thus, even if society's and a firm's valuations of that firm's being granted the monopoly were identical, both for the case where the firm is efficient and inefficient, the firm's perceived prize would be greater as it cares about the profits conditional on being efficient whereas society would care about this profit/welfare level less the one where the firm is inefficient.
The analysis also shows that in the limit, as the number of firms approaches infinity, the total expected amount of rent-seeking expenditures equal a constant (which can take values between zero and unity) times the perceived prize, which as explained above equals the monopoly profits conditional on being efficient.
Thus, this constant is a direct analogue to the parameter R in Tullock's model.
In the model with informational foundations, however, the constant can be related to fundamentals of the model: it is equal to the inverse of the elasticity of the cost function associated with information acquisition, evaluated at zero (for when the number of firms is infinite, each one of them acquires a zero amount of information).
Finally and most importantly, the microfoundations of the model allow us to conduct a meaningful welfare analysis. As already mentioned, the equilibrium of Tullock's model has the property that total rent-seeking expenditures increase as the number of rent seekers increases; moreover, since rent-seeking expenditures are (by assumption) wasted, welfare moves in the opposite direc-tion to total rent-seeking expenditures. In the present model with informational foundations, I derive a condition that determines whether expected welfare and total rent-seeking expenditures move in opposite directions or in the same direction as the number of rent seekers increases. 5 The parameters entering this condition are (i) the monopoly profits for an efficient firm, (ii) the difference in social welfare between having an efficient monopoly firm and having an inefficient monopoly firm, (iii) the inverse of the elasticity of the cost function associated with information acquisition, and (iv) the prior probability that a firm is efficient. For many configurations of these parameters, expected welfare increases as the number of rent seekers becomes larger -competition among rent seekers is welfare enhancing.
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The present paper is by no means the first one to develop a model of influence activities with informational foundations. Formal game-theoretic models in which lobbying is conceived as an exercise in strategic information transmission can be found in, for example, Austen-Smith and Wright (1992), Potters and van Winden (1992) , Austen-Smith (1995) , Lagerlöf (1997) , Grossman and Helpman (2001) , Bennedsen and Feldmann (2002) , and Frisell and Lagerlöf (2006) . Unlike the present paper and Tullock (1980) , however, these contributions allow only for either one or two lobbyists. Therefore they are not able to study the effects of a gradual increase in the number of lobbyists/rent seekers on for example welfare, nor can they say anything about the degree of rent dissipation in the limit as the number of rent seekers goes to infinity. Lohmann (1993a Lohmann ( , 1994 develops a model in which a large number of people may take costly political action (e.g., take part in a demonstration), either prior to a vote (the 1994 paper) or prior to a political leader's decision (the 1993a paper). By taking political action, the individual may be able to signal her private information to the other voters or to the political leader. Lohmann (1993b) carries out a welfare analysis of this model and shows that political action can be both under-and oversupplied in equilibrium, which also the present paper does. Related signaling models of lobbying are studied also in Lohmann (1995a Lohmann ( , 1995b . However, in contrast to the present paper, Lohmann's papers do not study the effects of a gradual increase in the number of political activists, nor do they relate to Tullock's model by, for example, calculating the degree of rent dissipation in the limit as the number of political activists goes to infinity.
There are two reasons why the model in the present paper can deal with an arbitrary number of rent seekers while still keeping the analysis tractable: (i) the information transmission is modeled as a disclosure game (i.e., rent seekers are allowed to withhold information but not to lie) 7 and (ii) the expected payoff of a typical rent seeker can be rewritten in a succinct form thanks to some algebraic manipulations (see equation (2) in Section 4).
The remainder of the paper is organized as follows. The next section provides a formal presentation of Tullock's model. In Section 3, the model with informational foundations is introduced. In Section 4, this model is solved and the first results are stated. Section 5 considers social welfare, and Section 6 illustrates the results using some numerical examples. Section 7 briefly concludes and discusses some possible extensions and variations of the model. Most of the proofs are relegated to some appendices.
The Tullock Model
Tullock (1980) considers a model in which n identical economic agents, or rent seekers, try to win an indivisible prize, their valuation of which equals v (> 0).
Rent seeker i's probability of winning is given by
where x i (≥ 0) is this rent seeker's investment. The parameter R (> 0) is a measure of how discriminatory the rent-seeking contest is: The larger is this parameter, the greater is the likelihood that a rent seeker who spends strictly more than his rivals will win. In particular, in the limit as R approaches infinity, a rent seeker who spends (perhaps just slightly) more than his rivals wins with probability one. Similarly, in the limit as R approaches zero, each rent seeker wins with probability 1/n, regardless of the relative magnitude of the x i 's (as long as they are all strictly positive). For the special case R = 1, a rent seeker's probability of winning equals his own investment divided by the sum of all rent seekers' investments. Tullock also assumed that the rent seekers 7 Other contrubutions modeling lobbying as a disclosure game include Milgrom and Roberts (1986) , Laffont and Tirole (1991; 1993 , Ch. 11), Lagerlöf (1997 , Dewatripont and Tirole (1999) , Bennedsen and Feldmann (2002) , and Lagerlöf and Heidhues (2005). simultaneously choose their x i 's with the objective of maximizing their expected net gain, P i (x 1 , x 2 , . . . , x n ) v − x i , while taking the others' behavior as given.
It is a standard exercise to show that for R ≤ 1 and for any finite n, there exists a unique pure strategy Nash equilibrium of Tullock's model. In this equilibrium, which is symmetric, each rent seeker's investment is given by
The dissipation rate, the amount of resources used in total by the rent seekers as a fraction of the value of the prize, therefore equals nx
Hence, the dissipation rate is increasing in the number of rent seekers, and as the number of them goes to infinity the dissipation tends to R. As a consequence, under the assumption that the rent-seeking expenditures have no social value, more competition among rent seekers (i.e., a larger n) is always bad.
A Model with Informational Foundations
There are n (≥ 2) ex ante identical firms and one regulator. The regulator can grant a monopoly on a market to one of the firms. Each firm is either "efficient" or "inefficient." If the firm that is granted the monopoly is efficient, then social welfare (we can think of this as total surplus or consumer surplus)
is given by W H ; otherwise, if the firm is inefficient, social welfare is given by
The regulator cares about social welfare, and ideally he would like to grant the monopoly to a firm that is efficient. Initially, however, the regulator faces uncertainty about whether a particular firm is efficient or inefficient. The prior probability that a firm is efficient is given by μ, where μ ∈ (0, 1). Each firm knows itself whether it is efficient or inefficient, 8 but it faces the same uncertainty about the other firms as does the regulator. The realizations of these random events are independent.
An efficient firm that is granted the monopoly earns the monopoly profits π H . An inefficient firm that is granted the monopoly earns the monopoly profits
A firm that is not granted the monopoly earns some "outside profits," which are normalized to zero. Hence, any firm, regardless of whether it is efficient or inefficient, wants to be granted the monopoly. 8 An alternative assumption would be that a firm faces the same uncertainty about its own efficiency as do the other firms and the regulator. That assumption would yield very similar results, however.
Although each firm at the outset knows whether it is efficient or inefficient, the information it has is assumed to be soft (i.e., non-verifiable). This means that an efficient firm will not be able to simply tell the regulator about the fact that it is efficient -such a claim would not be credible since an inefficient firm has an incentive to make the same claim. The firms can, however, in addition to their soft information, gather information that is hard (i.e., verifiable). Doing this is costly, but if a firm finds hard information showing that it is efficient, it can show this to the regulator who will then be more likely to grant the monopoly to that particular firm.
Formally, conditional on knowing whether it is efficient or inefficient, each firm i first chooses how much to spend on information gathering, 9 y ij ∈ < + (where the subindex j = H, L indicates whether the firm is efficient or inefficient, respectively). This level of expenditures determines a probability
where ϕ (·) is a twice differentiable, increasing, and strictly concave function satisfying ϕ (0) = 0 and lim y ij →0 ϕ 0 (y ij ) = ∞. With this probability, the firm finds hard information as to whether it is efficient or inefficient; with the complementary probability 1−ϕ (y ij ), the firm does not find anything. Since the information is hard, the firm can, if it so likes, show the evidence to the regulator, in which case the regulator learns (for sure) whether the firm is efficient or inefficient. The firms choose y ij simultaneously, and neither this choice nor the fact whether they find hard information or not can be observed by the other firms or by the regulator.
The regulator is a Bayesian updater. Given that some of the firms have shown him hard information that they are efficient and the others have not, the regulator grants the monopoly to a firm whose likelihood of being efficient, as perceived by the regulator, is at least as high as the likelihood for any other firm. In the equilibrium of the model, this must be a firm that has shown the regulator hard information, as long as there is such a firm. 10 It is assumed that the regulator chooses which firm of those who have submitted hard information to grant the monopoly by using a fair lottery; hence, if k firms have submitted 9 Given that firms have soft information from the outset and that they gather only hard information, one could have used the term "evidence production" rather than "information gathering." I will stick to the latter term, though.
10 For these firms are efficient with probability one, and the others are efficient with a strictly lower probability. To see that this must be the case, remember that μ < 1. Moreover, the fact that a firm has not presented hard information speaks against the possibility that it is efficient, since in equilibrium the inefficient firms have a lower (in fact zero) incentive to gather information.
hard information, each of them is granted the monopoly with probability 1/k.
Similarly, in case no firm has submitted hard information, the monopoly is allocated using a fair lottery among all n firms, so that each is granted the monopoly with probability 1/n.
Analysis
Given that the firms in the model are ex ante identical, it is natural to consider equilibria in which all firms' behavior are the same. I will thus confine attention to symmetric equilibria of the model.
As noted above, a firm that knows that it is inefficient will not expend resources trying to find hard evidence about this; thus, y iL = 0 for all i. In order to characterize the equilibrium choice of y iH , we need to find an expression for firm i's expected payoff given that it itself chooses the investment level y iH and that it believes its efficient rivals all choose, say, the investment level b y. If firm i as well as exactly k ∈ {0, 1, 2, . . . , n − 1} of its rivals are both efficient and successful in their investigations, then firm i is granted the monopoly with probability 1/ (1 + k). Moreover, the probability that exactly k of the n − 1 rivals are efficient and successful, given that they all chose b y, is given by
This means that firm i's expected profit at the stage where it is about to choose y iH can be written as
For large n, this expression consists of a very long series of terms. We can write it much more succinctly, however, thanks to the following relationship (see Appendix A for the derivation):
The expression in (2) is the expected likelihood that firm i will be granted the monopoly, at the stage when it knows that it itself is efficient and has found hard information about this. Using (2) in (1) and then rearranging, we have
where
The function P (·) can be thought of as a probability-of-winning function, analogous to the one in Tullock's model. In contrast to Tullock's model, however, here we have P (0, b y) > 0: a firm can win the monopoly even if it does not expend any resources at all. The reason is that if all other firms either are inefficient or are efficient but fail to find hard information, a firm wins the monopoly with probability 1/n.
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There are also other, strategically more important, differences between this model and Tullock's. In the present model, the cross-derivative of the objective function V iH (y iH , b y) is zero for n = 2, which means that each firm has a strictly dominant strategy; and it is negative for n ≥ 3 (for the proof of this, see Moreover, the term in (3) that corresponds to v, the value of winning the prize in Tullock's model, is not (as one might have expected without giving it much thought) equal to Eπ = (1 − μ) π L + μπ H , but to π H . This is not just because the objective function in (3) is calculated conditional on knowing that the firm is efficient; we would get the same result if we instead had assumed that the firms do not know whether they are efficient or inefficient when choosing their rent-seeking investment (as suggested in footnote 8). The reason why π H , and not Eπ, is what matters is that the investment choice is made with an eye towards the firm's profits conditional on being efficient -the point with expending y iH is that it may help the firm prove that it is efficient. (The same logic explains why y iL = 0.) Similarly, in an alternative model in which the firms did not know initially whether they were efficient or inefficient, the choice of investment level would be a function of π H , not of Eπ.
Firm i's problem is to maximize (3) with respect to y iH , taking the other firms' behavior (i.e., b y) as given. The first-order condition to this problem is
The assumption that lim y iH →0 ϕ 0 (y iH ) = ∞ guarantees that y iH = 0 is not optimal. Also, let us assume that the parameters are such that the y iH that solves (5) satisfies ϕ (y iH ) < 1 (for example, that π H is not too large).
In a symmetric equilibrium we must have y iH = b y = y * . Plugging this into (5), we obtain the following result (the uniqueness claim is proven in Appendix C).
Proposition 1. For any n ≥ 2, there exists a pure strategy symmetric equilibrium. Within the class of symmetric equilibria, this equilibrium is unique, and it is characterized by
We also have the following comparative statics results (proven in Appendix D).
Proposition 2. The equilibrium investment level y * is strictly increasing in π H , and (for n ≥ 3) it is strictly decreasing in μ.
The second result is the only one that is not obvious. The reason why the equilibrium investment level is decreasing in μ is that (for n ≥ 3) the players' choice variables are strategic substitutes, and a larger μ means that it is more likely that firm i's typical rival is of a type who chooses a positive investment level.
Among other things, we are interested in what happens to aggregate expenditures as n goes to infinity. To investigate this, we first need the following results (proven in Appendix E).
Lemma 1. As n → ∞, y * → 0.
Lemma 2 tells us that the probability that (all other) n − 1 firms lack hard evidence showing that that they are efficient goes to zero as n goes to infinity.
Define expected total expenditures as T E (y * ) ≡ nμy * . By (6),
is the elasticity associated with the function ϕ (·). 13 (Note that by concavity of ϕ (·), η (y) < 1 for all y.) By taking the limit of (7), using Lemmas 1 and 2 and the notation η (0) ≡ lim y→0 η (y), we obtain the following. Proposition 3. In the limit as the number of firms goes to infinity, expected total expenditures equal the monopoly profits for an efficient firm times the elasticity η (y) evaluated at zero:
Apparently, the parameter R in Tullock's model corresponds to η (0) in the present model, in the sense that this parameter tells us what fraction of the rent seekers' prize will be dissipated by expenditures as the number of rent seekers goes to infinity.
Welfare
Suppose all n firms invest the same amount, y, if they are efficient and zero otherwise. Given y, let EW (y) be defined as the ex ante expected social welfare, net of expected total expenditures:
is the probability that a firm that has not provided hard information showing that it is efficient nevertheless is efficient (this can be derived by using Bayes' rule). Note that, quite intuitively, b μ < μ for any ϕ (y) > 0.
The first term in (8) is given by the product of (i) W H (social welfare if having an efficient firm) and (ii) the probability that at least one of the n firms indeed is efficient and finds hard information showing this. The second term in (8) is given by the product of (i) the probability that none of the n firms is efficient and finds hard information showing this and (ii) expected social welfare given that the firm being granted the monopoly is efficient with probability b μ. The third term in (8) is the expected total rent-seeking expenditures. Substituting (9) into (8) and simplifying we have
We may ask two questions about EW (y). First, if a planner could choose the y that maximizes EW (y), call it y w , how would this relate to y * ? That is, in the equilibrium of the model, does an individual firm spend too much or too little resources on rent seeking, relative to the socially desirable level?
Second, if we evaluate EW (y) at y = y * , will this expression be increasing or decreasing in the number of firms, n? That is, is more competition among the rent seekers good or bad for welfare in this model where the influence activities have informational foundations?
To answer the first question, let us differentiate EW (y) and set the resulting expression equal to zero, thus obtaining the following first-order condition, which implicitly defines y w :
The assumption that lim y→0 ϕ 0 (y) = ∞ guarantees that y w = 0 is not optimal.
Let us also assume that the parameters are such that the y w that solves (11) satisfies ϕ (y w ) < 1 (for example, that ∆W is not too large).
In general, y w may be either smaller or larger than y * . However, comparing (11) and the first-order condition that defines y * , (6), we can make the following three observations: (i) The "prize" that matters for society is ∆W : the difference in social welfare between having an efficient firm and having an inefficient firm. In contrast, as we noted above, a firm that chooses y iH cares about π H , its profits conditional on being efficient. 14 As a consequence, even if society's and an individual firm's incentives were aligned in the sense that W H = π H and W L = π L , the firm would still invest too much if π L is sufficiently close to π H , regardless of the values of the other parameters.
(ii) For n = 2, the two first-order conditions can be written as
and
This means that, for this case,
Consistent with observation (i), we see that π L does not enter the condition in (14), only ∆W and π H do. In addition, (12) and (13) tell us that whereas the firm's choice does not depend on μ, society's optimal choice of rent seeking investment is decreasing in μ. In particular, for any values of ∆W and π H (e.g.,
for ∆W being much larger than π H ) the firm will spend too much resources on rent seeking if the probability μ is sufficiently close to one. Intuitively, if μ is close to unity, society knows that a firm that it picks just by random is likely to be efficient; thus, it is in society's interest that only a very small amount of resources is spent on rent seeking. In contrast, the firm does not take this into account; it expends the same amount on rent seeking for all values of μ. (iii)
Again making use of the first-order conditions that define y * and y w , we see that (now for any arbitrary n) in the limit as μ approaches 1, y w approaches 0 whereas y * approaches some strictly positive number (the intuition being the same as the one discussed under observation (ii)).
In order to answer our second question -whether EW (y * ) is increasing or decreasing in n -we can evaluate (10) at y = y * and then rewrite it using (7), thus obtaining
It follows that, if the elasticity η (y) is constant (i.e., η (y) = η), then
We therefore have the following result.
Proposition 4. If the elasticity η (y) is constant and if T E (y
The important implication of Proposition 4 is that, even if T E (y * ) is increasing in n, 15 EW (y * ) is not necessarily decreasing in n. This result stands in sharp contrast to Tullock's model (although there, the fact that a larger number of rent seekers is bad for welfare follows immediately from the assumption that more expenditures is a bad thing). In particular, provided T E (y * ) is increasing in n, EW (y * ) is increasing in n as well if (1 − μ) ∆W > ηπ H . This inequality will be satisfied if: (i) ∆W is large, so that society cares a lot about whether an efficient or an inefficient firm is granted the monopoly; (ii) μ is small, so that the prior probability that a firm is efficient firm is low (which makes it more desirable to have many firms to choose among); (iii) π H is small, so that an efficient firm does not have a lot to gain from being granted the monopoly; and (iv) η is small, so that the amount of expected total rent-seeking expenditures with many firms is small.
When the inequality is reversed, so that (1 − μ) ∆W < ηπ H , EW (y * ) is decreasing in n whenever T E (y * ) is increasing in n, just as is assumed in Tullock's model. For the special case (1 − μ) ∆W = ηπ H , EW (y * ) is constant with respect to n; in particular, EW (y * ) takes the same value evaluated at n = 1 as it does in the limit as n goes to infinity:
Numerical Examples
In this section I will study some numerical examples that illustrate the results in the two previous sections. Rewriting the first-order condition that defines y * , (6), we have
Similarly, rewriting (11) yields
Using (16) and (17) -and given functional forms for ϕ (·) and values of the parameters -we can easily (using, for example, a spreadsheet program like Excel) calculate values of y * and y w by first guessing a value, substitute this into the right-hand side of (16) and (17), respectively, thereby obtaining a new guess, which again can be substituted into the right-hand side of the relevant equation. After sufficiently many iterations, this procedure will give us a good approximation of the unique solution to the equation.
As an illustration, let us assume that
which implies that η (y) is constant and equal to 0.5. Moreover, let μ = 0.5, W H = 500, and W L = 100 (so that ∆W = 400). Given these functional forms
and parameter values, y * and y w have, for various values of n, been calculated using six alternative values of π H : 17 π H ∈ {100, 200, 400, 600, 800, 1000} .
In addition, using the calculated values of y * and y w , the associated levels of expected total rent-seeking expenditures and of expected welfare have been calculated. The six different values of π H have been chosen to make sure that:
for π H ∈ {100, 200}, EW (y * ) is increasing in n whenever T E (y * ) is increasing in n; for π H ∈ {600, 800, 1000}, EW (y * ) is decreasing in n whenever T E (y * )
is increasing in n; and for π H = 400, EW (y * ) is constant with respect to n.
The results are reported in Table 1 , and graphs of EW (y * ) as a function of n for the six different values of π H are shown in Figure 1 . The table shows that for all six cases T E (y * ) is increasing in n. We also see, however, that y * is, in all our examples, not monotone in n.
In summary, Table 1 and Figure 1 illustrate the insight from Proposition 4 that in this model of rent seeking with informational foundations, expected welfare is not necessarily increasing in the number of rent seekers just because the total rent-seeking expenditures are. Competition among rent seekers may be good. In particular, we obtained this result for relatively low values of π H , as in those cases the rent seekers' benefit from rent seeking is small relative to society's.
Summary and Concluding Remarks
This paper has developed a model of rent seeking with informational foundations and with an arbitrary number of rent seeking firms. In general in this model, the firms' incentives to spend resources on rent seeking will obviously differ from society's, as the firms care about their own expected profits and not about social welfare. What the analysis revealed and which is less obvious, however, is that the firms will choose their rent seeking investments with an eye toward their profits conditional on being an efficient (as opposed to inefficient) firm, the reason being that the point with doing rent seeking is that this may provide evidence that the firm is efficient. Society, on the other hand, would like the choice of rent seeking expenditures to be made with an eye toward the difference in social welfare between having an efficient firm and having an inefficient firm -for it is this difference that society can gain by, thanks to the additional information, being able to grant the monopoly to an efficient firm rather than an inefficient one. To the extent that this difference is smaller than the firm's profits conditional on being efficient (which seems to be a natural possibility, as the latter is a profit level and not a difference), the rent seekers will tend to -in the spirit of the rent-seeking literature -have a too strong incentive to invest in rent seeking from a social welfare point of view.
The analysis also showed that in the limit as the number of firms approach infinity, the total expected amount of rent-seeking expenditures equal a constant η (0) times the perceived prize, where this constant is equal to the inverse of the elasticity of the cost function associated with information acquisition (evaluated at zero). Thus, the constant η (0) is a direct analogue to the parameter R in Tullock's model. Most importantly, the microfoundations of the model in the present paper allowed us to conduct a meaningful welfare analysis. In particular, I derived a condition that determines whether expected welfare and total rentseeking expenditures move in opposite directions or in the same direction when the number of rent seekers increases. For many configurations of the parameters, expected welfare increases as the number of rent seekers becomes larger, which means that competition among rent seekers may be welfare-enhancing.
Let me conclude by briefly discussing a couple of possible extensions and variations of the model. First, as already mentioned in footnote 8, instead of assuming that each firm at the outset has access to full (but only soft) information about its own efficiency, one could say that a firm faces the same uncertainty about its own efficiency as do the other firms and the regulator. One can show, however, that -because of the simple, linear structure of the model -this assumption would in many regards yield very similar results. 18 Second, I assumed that the firms can, at a cost, obtain hard evidence that confirms their true type.
Alternatively, one could have assumed that the inefficient firms can in addition fabricate (false) evidence showing that they are efficient, and that doing this is costly for the firms. In such a model, expenditures on fabrication of evidence cannot have any social value. Therefore, we should expect that the possibility of fabrication would add to the social costs of rent seeking. Because of the same reason we should also expect the set of circumstances under which expected welfare increases as total rent-seeking expenditures increase to be smaller.
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Appendix A: Proof of Eq. (2)
Defining m ≡ k + 1, we can rewrite the last line as
where the last equality makes use of
The fact that the analysis under this alternative assumption would be very similar is quite significant. The present model could be criticized for allowing the regulator to use only a very limited set of instruments: if the regulator were able to commit to a somewhat richer mechanism, he would easily be able to implement the first best. However, under the alternative assumption that each firm faces the same uncertainty about its own efficiency as do the other firms and the regulator, implementing the first best would be much less straightforward.
19 Lagerlöf and Heidhues (2005, Section 6.4 and Appendix A) discuss the consequences of this kind of assumption in the context of a model that is similar to the one in the present paper (but with a single rent seeker).
Appendix B: Proof of the claim about strategic substitutes for n ≥ 3
We need to show that ∂ 2 V iH (y iH , b y) /∂y iH ∂b y < 0 for n ≥ 3. Differentiating (3) yields
We thus need to show that
for all n ≥ 3. This will be done by mathematical induction. One can easily show that the inequality holds for n = 3. Suppose it holds for some n = m (≥ 3).
The left-hand side of the inequality evaluated at n = m + 1 can be written as
where the first inequality follows from the induction assumption and the second and third by the fact that μϕ (b y) < 1. ¤ It thus suffices to show that g (μ, ϕ (y * ) , n) ≤ 1 for all y * ∈ [0, 1]. Differentiating g with respect to y * yields ∂g (μ, ϕ (y * ) , n)
Hence, for all ϕ (y
Appendix D: Proof of Proposition 2
First consider the claim about μ. Differentiating both sides of (6) w.r.t. μ yields
where LHS is short for the left-hand side of (6). From Appendix C we have that ∂ (LHS) /∂y * is strictly negative. Moreover, the same must be true for ∂ (LHS) /∂μ (since ϕ (y * ) and μ have symmetric roles in the left-hand side of (6), and ϕ 0 (y * ) > 0). In addition, ϕ 00 (y * ) is negative. It follows that ∂y * /∂μ <
0.
The claim about π H is very straightforward given the above arguments and the proof is therefore omitted. ¤ Appendix E: Proof of Lemmas 1 and 2
Proof of Lemma 1. Suppose per contra that lim n→∞ y * = y 0 > 0, so that ϕ ³ y 0´∈ (0, 1) and ϕ 0 ³ y 0´> 0. Then the limit of the right-hand side of (6) as n goes to infinity equals 1/ϕ 0 ³ y 0´, which by assumption is strictly positive.
The limit of the left-hand side, however, equals zero. ¤ Lemma A1. As n → ∞, ϕ (y * ) n → ∞.
Proof. First note that, by Lemma 1, the right-hand side of (6) goes to zero as n → ∞. If Lemma A1 does not hold, then either (i) ϕ (y * ) goes to zero at the same speed as 1/n or (ii) ϕ (y * ) goes to zero faster than 1/n. In either case, the numerator of the left-hand side of (6) must go to zero as n → ∞, for otherwise the equality would not hold in the limit. In case (i), however, we can write
, which can be shown to equal e −μ (> 0). In case (ii), both the numerator and the denominator of the left-hand side of (6) go to zero, so we can use l'Hopital's rule (once) and then simplify:
As the numerator of the left-hand side of (6) goes to zero,
The previous expression therefore simplifies to This is strictly positive, whereas the limit of the right-hand side of (6) is zero. ¤
We can now prove Lemma 2. By Lemma A1, ϕ (y * ) goes to zero slower than 1/n. Hence, for n large enough, ϕ (y * ) > 1/n, which implies ϕ (y * ) ≥ 1/n β for some β ∈ (0, 1). This means that, for such large n's, 
